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Abstract. In this manuscript, I will report the details of our recent work on the vector 
meson-baryon (VB) interaction, which we studied with the motivation of finding dynamical 
generation of resonances in the corresponding systems. We started our study by building a 
formalism based on the hidden local symmetry and calculating the leading order contributions 
to the scattering equations by summing the diagrams with: (a) a vector meson exchange in 
the t-channel (b) an octet baryon exchange in the s-, u-channels and (c) a contact interaction 
arising from the part of the vector meson-baryon Lagrangian which is related to the anomalous 
magnetic moment of the baryons. We find the contribution from all these sources, except the 
s-channel, to be important. The amplitudes obtained by solving the coupled channel Bethe- 
Salpeter equations for the systems with total strangeness zero, show generation of one isospin 
3/2, spin 1/2 resonance and three isospin 1/2 resonances: two with spin 3/2 and one with 
spin 1/2. We identify these resonances with A (1900) S31, iV*(2080) Dn, iV*(1700) D13, and 
iV*(2090) Sii, respectively. 

We have further extended our study by including pseudoscalar meson-baryon (PB) as the 
coupled channels of VB systems. For this, we obtain the PB — >■ VB amplitudes by using 
the KroU-Ruddermann term where, considering the vector meson dominance phenomena, the 
photon is replaced by a vector meson. The calculations done within this formalism reveal a very 
strong coupling of the VB channels to the low-lying resonances like A(1405) and A(1670), which 
can have important implications on certain reactions producing them. In addition to this, we 
find that the effect of coupling the higher mass states to the lighter channels is not restricted 
to increasing the width of those states, it can be far more strong. 



1. Introduction 

The vector mesons, which are understood as {qq)i=i composite systems, have attracted a lot of 
attention historically, beginning from the observation of the universality of the /?-meson couplings 
to the light hadrons, which can be understood in terms of the fluctuation of a photon to a vector 
meson that subsequently interact with the hadrons. Further findings, like the dominance of the 
the vector mesons in explaining the electromagnetic form factors of the hadrons JT\ stimulated 
the formulation of a theory where the vector mesons are treated as the dynamical gauge bosons 
of the hidden local symmetry of the non-linear sigma model [21 [3l H] . The resulting theory has 
been widely used in hadron physics involving the vector mesons (see Refs. O [U [TJ [H O [lOl [11] 
as examples). 



Using this effective field theory based on the hidden local symmetry, we have focussed on 
understanding the low-energy interaction of vector mesons with baryons, with the idea of finding 
dynamical generation of baryon resonances, motivated by the large branching ratios of some of 
the excited baryons to the vector meson-baryon decay channels. Generation of resonances in 
vector meson-baryon systems has earlier been reported in several phenomenological studies also 
[121 dSl [m [151 [13 [IZ] • We proceeded with our study by reminding ourselves that in case of the 
vector meson-baryon interaction, we cannot rely on the low energy theorems which have worked 
well in case of the pseudoscalar mesons (see, for example, Refs. [TSl [121 [201 [211 [221 [23 [21] where 
several baryon resonances have been found to get generated in the pseudoscalar-baryon or even 
in two/three pseudoscalar-baryon systems). Keeping this in mind, we built a formalism [22] 
on the basis of the hidden local symmetry and calculated the four diagrams shown in Fig. [H 
which correspond to: (a) a vector meson exchange in the f-channel, (b) a contact interaction 
demanded by the gauge invariance (corresponding to the hidden local symmetry (HLS)) of the 
vector meson-baryon interaction Lagrangian, which can be written for the SU(2) case as: 

CpN = -gN \fii^p^ + ^^M-P^'} ^> (1) 

and (c, d) the s- and n-channel octet baryon exchange. 




Figure 1. Different diagrams contributing to the vector meson-baryon interactions (see details 
in the text). 

Writing the HLS gauge invariant Lagrangian given by Eq. ([1]), explicitly, we get [25] 

C = -gN (7^p^ + £^ [d^p, - d,p^ + ig {p^p, - p,p^)] a^"") N, (2) 



where the nucleon field transforms as — t- h{x)N with h{x) being an element of the hidden 
local symmetry, Fi{q^ = 0) = 1, F2{q'^ = 0) = /tp ~ 3.22 is the anomalous magnetic coupling for 
the pNN vertex, M is the mass of the nucleon and 



Using Eq. ([2D, we can write Lagrangians for the vertices involving one and two meson fields, 
respectively, as 

CpNN = -gN[rPi. + ^{dpPu-d,p^)a>^'')N (4) 
^^ppNN = -ig'^N {ppPu - PuPp)cr^''N, (5) 

where the former is used to obtain the amplitudes for the s- and n-channel diagrams 
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and latter one gives a contact interaction with the amplitude given by 

It should be emphasized here that this contact interaction arises from the [pp,pi,] term of the 
vector tensor, which is essentially required to obtain the HLS gauge invariance of the Lagrangian 
given by Eq. ([2]). 

To calculate the t-channel diagrams, together with Eq. we also need 

£3p = -2igTr {d^V^V^V - d^V^VV^^) , (9) 

which comes from the non-Abelian kinetic term of the p-meson. The resulting t-channel 
amplitude has the form [25] 



Kn= -^(^? + ^2°)el-e1 for 7 = 1/2 (10) 

= (^1 + ^2 ) el • el for 7 = 3/2, (11) 

which is spin independent in nature. However the contact, s- and u-channel interactions lead 
to spin dependent amplitudes. A comparison of Eqs. ([6|), ([7|), ([8]), ([TOj) and pT|) shows that 
the contribution from all the four diagrams is equally important (it can be easily seen by using 
the KSRF relation: g = mp/\/2/^). We have calculated the amplitudes for other VB channels 
using a more general Lagrangian [^, which we will give in the next section. In the subsequent 
section, we will review the results of the full coupled channel scattering equations for the total 
strangeness zero VB systems. 

Having built a reliable formalism for the vector-meson baryon interactions, we extended 
our study by including pseudoscalar-baryon systems as coupled channels [26j. Since several 
resonances decay with large branching ratios to both PB and VB channels, it is possible, then, 
that a coupled PB-VB dynamics can play important role in explanation of the properties of 



some of such resonances. However, since most PB and VB channels he weU separated on the 
energy scale, we did not know if we were going to get important information by coupling them. 
Hence, we decided to concentrate on studying the low-lying resonances alone since those are 
better understood. This also allowed us to rely on the i-channel calculations of PB — )• PB and 
VB —7- VB vertices, which simplified the formalism. However, as we will discuss in Section 3, 
it turned out that the coupling between the PB and VB channels can result in very useful and 
significant findings, implying the requirement of a more detailed calculations. 

2. Formalism 

2.1. Vector-haryon interaction 

To calculate the VB transition amplitudes, we generalized the SU(2) vector meson-baryon 
Lagrangian of Eq. ([2]) to SU(3) to get 



+ D{Ba,Ad''V^ - d'V^'^B})) + {B^,B)ly^^) 



(12) 



where the constants D = 2.4 and F = 0.82. These values were found to well reproduce the 
magnetic moments of the baryons in Ref. [27j. Further, in our normalization scheme. 
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which give the octet (Vs), and the singlet (Vq) fields of the vector mesons by considering the 
oj — (j) mixing into account. For this, we write the wave functions of the uj- and the (j)-m.esoxi, 
under the ideal mixing assumption, as 



+ A/3</^0. 



(15) 



With these inputs, we obtained the amplitudes for different processes involving all the VB 
channels. All these amplitudes are listed in all details in Ref. [25j . 



2.2. Coupling pseudoscalar- and vector meson-haryon systems 

The new information required to carry out a coupled channel study of the PB-VB systems is to 
write the PB -f-)- VB vertex consistently. This is done by using the Kroll-Ruderman (KR) theorem 
to write the Lagrangian for the — >• vrA^ process and by replacing the 7 by a vector meson via 
the notion of the vector meson dominance. More concretely, we write the vrA^ Lagrangian from 
the Gell-Mann-Levi's linear sigma model, 

C-kN = i> [il^d^ - g^NN (o- + ir.TTj^)] ip, (16) 

and introduce a vector meson field as a gauge boson of the hidden local symmetry 

gp, (17) 

to obtain the Lagrangian for the pN — >• t^N vertex (see Ref ^6] for more details) 

^ -i^iV[7r,p'^]7/.75iV, (18) 

where 7r = r-7f, /9 = r- ^ and /^r = 93 MeV is the pion decay constant. 
The SU(3) Lagrangian corresponding to Eq. can be written as 

CPBVB = 2^ (i^(^7M75 [[P. ^m] > ^]> + ^(^7m75 m ^m] > B})) , (19) 

where the trace (...) has to be calculated in the flavor space and F = 0.46, D = 0.8 such that 
F + D gA = 1.26. The ratio D/{F + L)) ~ 0.63 here is close to the quark model value of 0.6, 
and the empirical values of F and D can be found, for example, in Ref. [28|. Using Eq. ()19p . 
amplitudes for all the processes within SU(3) have been obtained and are given in Ref. [26j. 

In the next section, we will discuss some of the most important results of our work on this 
topic. 



3. Results and discussions 

3.1. Strangeness resonances found in the VB systems 

Having calculated the amplitudes for different VB coupled channels with total strangeness 0, 
which are pN , uN, (pN, and K*A, we solve the Bethe-Salpeter equation 

T = V + VGT, (20) 

where the kernels V{= + V'-''^ + + V'^) are effectively treated as contact interactions, which, 
in turn, can be factorized out of the loop integral involved in Eq. (j20p . Such a treatment, which 
is suitable for studies involving low-energy interactions, reduces solving of integral Eq. (j20p to 
an algebraic one. 

Since we are looking for dynamical generation of resonances, which implies working with 
low-energy dynamics, we calculate all the amplitudes in the s-wave. This means that the states 
found in our work can have J'^ = l/2~, 3/2~. Further, the total isospin of the VB system can be 
1/2 or 3/2. Let us first discuss the results obtained for the total isospin 1/2 case. In Fig. [2l we 
show the squared amplitude for the pN — )• pN process. We find it very illustrative to show the 
results obtained by considering the t-channel exchange only for the VB interaction and compare 
them with those obtained by considering all the four diagrams of Fig. [TJ 



From Fig. [21 one can clearly see that the pN amplitudes obtained from the t-channel are 
identical for spin 1/2 and 3/2 (upper- left and right panel), as expected from a spin independent 
interaction. However, a drastic change is seen when the amplitudes are obtained by solving 
Eq. ()20p with the sum of the s-, t-, u-channels and the contact interaction as the kernel. In 
this case no peak is seen for the spin 1/2 configuration (see the lower left panel) while a more 
pronounced peak is found for spin 3/2 (shown in the lower right panel). Thus the spin degeneracy 
of the t-channel amplitude gets lifted by adding the spin dependent contact interaction and the 
S-, ti-channel diagrams. To identify the peak seen in the spin 3/2 amplitude with a known 
resonance, we go to the complex plane and find a pole at 1637 — i35 MeV. We find it to 
couple strongly to the pN and K* A. channel. These properties are very similar to those of the 
A^*(1700) Di3 resonance listed by the particle data group (PDG) [29j. Our findings are also in 
good agreement with other independent phenomenological studies [TBI [5U| [51]. 
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Figure 2. Squared amplitudes for the pN — )• pN process in the isospin 1/2 configuration. The 
upper panels show the results obtained by considering the t-channel diagram for VB interactions 
whereas the lower panels show the effect of taking all the four diagrams of Fig. [T]into account. 

We find similar changes in all the coupled channels. In Fig. [3l we show the square amplitude 
for another channel: K*Ti. In this case, once again, the upper-left and -right panels of Fig. [3l 
depict the same amplitudes for both spin 1/2 and 3/2, which show a peak near 2 GeV. We found 
that these peaks corresponded to a double pole structure in the complex plane The lower 
panels show the results obtained by considering all four diagrams of Fig. [TJ In this case, both 
the states in spin 1/2 and 3/2 survive, although the peak positions differ by about 100 MeV. 
We find that the peak in the spin 3/2 amplitude corresponds to a pole in the complex plane at 
2071 — i70 MeV. This pole is found to couple strongly to the uN , (j)N and K*A channels and 
can be related to the iV*(2080) -D13. In the spin 1/2 case, we find a pole at 1977 — i22 MeV. 
There is no known J'^ = l/2~ state in Ref. [29] with a mass very close to this pole, however, 
an enhancement of the cross section is seen near 2 GeV region in the photo-production of the 
(/)-meson on a nucleon studied by the LEPS group [32]. This enhancement could possibly be 
explained in terms of the spin l/2~ resonance found in our work. In fact, a phenomenological 
analysis of the — )• (j)N reaction showed that a better fit to the LEPS data [32] was found 



when a J'^ = l/2~ resonance was included in their study as compared to the one obtained by 
including a 1/2^ resonance |33) . 

We have not discussed the results for total isospin 3/2 so far, where we also find very important 
contribution from all the diagrams shown in Fig. [TJ The f-channel interaction in isospin 3/2 is 
repulsive (for spin 1/2 as well as 3/2) and, thus, does not give rise to formation of any states. 
However, the vector meson-baryon contact interaction is strongly attractive for isospin 3/2 and 
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Figure 3. Same as Fig. [2] but for the K*T, — t- process. 



spin 1/2, which leads to the formation of a resonance near 2 GeV. In Fig. |3]we show the squared 
amplitude for the isospin 3/2 VB channels, to which only pN and K*Ti contribute. The left 
panel of this figure shows the amplitudes obtained by considering the t-channel interaction only 
while the right panel shows the results obtained by summing the s-, t-, u- channel exchanges, 
and the contact interaction. A pole was found at 2006 — ill2 MeV corresponding to the peak 
shown in the right panel. This state can be related with A(1900) 5*31. 
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Figure 4. Squared amplitude for VB channels with total strangeness zero in the isospin 3/2 
configuration. 



3.2. Strangeness —1 PB-VB coupled systems 

Strangeness — 1 is probably the most explored sector when it comes to discussing the dynamically 
generated resonances. Starting from the work of Dalitz [M] to more recent studies reported in 
Refs. [IHl [201 EH ESI [Ml [37], strangeness —1 systems have been the center of attention when 
looking for resonances. There are at least two low- lying resonances which are good candidates for 
qualifying as the dynamically generated resonances in PB systems. However, these resonances 
have not been coupled to the vector meson-baryon systems. We made such a study within the 
formalism explained in the previous section (see Ref. |26j for more details). We found that the 
known properties of these resonances, i.e., the corresponding pole positions, their coupling to 
different PB channels and the PB amplitudes on the real axis, did not change much by coupling 
the VB channels. However, we found that the low- lying resonances couple very strongly to the 
heavy, closed VB channels. It is important to mention here that the large couplings of the 
low-lying A's to the VB channels found in our work do not imply the presence of a large fraction 
of the VB component in the wave function of these resonances since the large mass difference 
between the two would suppress it. Therefore, the interpretation of the low- lying A's as PB 
molecular states does not change. However, our findings could have some implications on, for 
example, the photoproduction of the A resonances where the production mechanism proceeding 
through the exchange of a vector meson could become important [38j. This should be verified 
in future. 

We show the pole positions for the low-lying resonances and their couplings to the different 
PB and VB channels for both uncoupled as well as coupled case (which corresponds to the KR 
coupling 6 between the PB and VB channels ^26j) in Table [H As can be seen from this table, 
the couplings of the poles to the VB channels is null when the latter ones are not coupled to 
PB, while a very large coupling gets developed on coupling both systems. The larger couplings 
of the poles to various VB channels have been highlighted by boldfacing them in Table [H 

Table 1. g"^ couplings of low- lying resonances to the PB and VB channels for different strengths 
of the coupling between PB-VB systems: indicates no coupling between the two and 6 indicates 
fully coupled PB-VB systems (see [26J for more details). 
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KN 


1.4 -il. 6 


1.1 - il.4 


2.A + il.l 


2.8-hi0.5 


0.2 -iO. 5 


0.3-i0.6 


ttS 


-2.3-^^1.4 


-2.2 + il.A 


-0.2 -il. 4 
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0.0-FiO.O 
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Further, although our purpose was to study low-lying resonances first, for which we relied on 
the i-channel exchange to calculate PB — )• PB and VB — )• VB amplitudes, to draw any concrete 
conclusion about higher mass resonances, we should take into account a more complete VB — )• 



VB interactions as shown in Ref. [25j . Still, within the present formalism, we could test if the 
widths of the resonances in the 1800-2100 MeV region increased a lot by coupling the lower mass 
(PB) open channels. We found that the higher mass resonance poles did not always attain larger 
widths when coupling them to PB channels, sometimes poles disappeared and other times new 
poles appeared by coupling VB to the light PB channels [26]. For instance, we found that a new 
pole gets generated near 1440 MeV in total isospin 1 case when PB and VB are coupled. This 
pole can be related to E(1480) [291 139[ BU]. However, to make stronger claims on the properties 
of the resonances found in 1800-2100 MeV, we must carry out a more detailed calculations by 
obtaining the VB amplitudes from the different diagrams shown to be important in Ref. |25| . 
Such a study is being carried out at this moment and we expect it to finalize soon. 

4. Summary and outlook 

We can summarize our study on the baryon resonances coupled to vector meson-baryon systems 
as follows: 

• A gauge invariant Lagrangian under the hidden local symmetry gives rise to significantly 
important tree- level contributions from the s-, t- and u- channel exchange diagrams and a 
contact term. Our findings show that none of these contributions should be assumed to be 
negligible a priori. 

• The resulting vector meson-baryon interaction is very spin-isospin dependent. This is 
something which should be expected when two particles with similar mass and non-zero 
spin interact. 

• Many low-lying resonances like A(1405) couple strongly to VB channels, which is a very 
useful information, for instance, to study photoproduction of A(1405). 

• When heavier VB resonance poles are allowed to couple to PB channels, they do not always 
get wider. Sometimes they can disappear. Also new poles can appear sometimes. For 
example, a new isospin 1 resonance is found to arise due to the PB-VB coupled dynamics 
near 1430 MeV 

Finally, as an outlook we would like to say that a PB-VB coupled channel calculation 
should be made with a more detailed VB interaction. Further, it is important to use these 
amplitudes to study relevant reactions, which have been studied experimentally. 
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